Food and Drug Administration (FDA) and Centers for Medicare and Medicaid Services (CMS) rely on evidence from clinical trials when approving a therapeutic for marketing and insurance coverage in the US, respectively. No study has compared the quality and quantity of evidence examined by these agencies.
Introduction
Marketing approval for medical devices, drugs, and biologics in the United States is granted by the Food and Drug Administration (FDA). FDA's final decision for high-risk devices, drugs, and biologics is based on several factors that ensure the products are "safe and effective" for their intended use, including the strength of supporting evidence, the risks and benefits of other available therapies, the need for post-market data collection, the likelihood that effects seen in trials will apply to broader populations, and the nature and severity of the condition the product is intended to treat. [1] An exception is moderate-risk devices, which generally receive clearance by demonstrating "substantial equivalence" to a predicate device. [2] After regulatory approval, a product requires third-party payer coverage for clinical adoption; in the US, the largest is the Centers for Medicare and Medicaid Services (CMS) and Medicare alone covers 56.8 million Americans. [3] By statute, products covered by CMS must be "reasonable and necessary for the diagnosis or treatment of an illness or injury.'" [4] Whereas most coverage decisions are made by regional contractors, controversial medical products, or those predicted to have a large impact on the health of Medicare beneficiaries are reviewed by CMS through the National Coverage Determination (NCD) process. [5] [6] [7] FDA relies primarily on pivotal clinical trials to determine whether a product is "safe and effective." [8, 9] CMS also relies, in part, on clinical trial data when determining coverage, stipulating that randomization, blinding, contemporaneous controls, and sufficient study size constitute a stronger evidence base. [7, 10] In addition, CMS may consider other sources of evidence and information for NCDs, such as recommendations from the Medicare Evidence Development and Coverage Advisory Committee (MEDCAC), an advisory committee consisting of members from patient groups, industry, and the scientific community. [5, 11] Despite differences in the process for FDA approval and CMS NCDs, no study has formally evaluated the type and quality of evidence reviewed by FDA and CMS to support their decisions. Understanding this question is important because making beneficial treatments available to patients requires continuity between both approval and coverage processes.
Therefore, we conducted a cross-sectional study to characterize the evidence supporting FDA approval and CMS coverage for drugs, biologics, and moderate-and high-risk medical devices that received NCDs from 2005 through 2016. Results from this study will provide information on the strength of evidence required for FDA approval and national CMS coverage and on the characteristics of participants evaluated in clinical trials, with the goal of helping understand how data generation can be aligned for future approval and coverage determinations.
Methods

Data sources: CMS NCDs
The Medicare Coverage Database (https://www.cms.gov/medi care-coverage-database/) offers public access to local and NCD memoranda and other documents germane to the Medicare coverage determination process. NCDs are published memoranda that include the following information: the coverage decision (covered, covered with evidence development, or not covered), a concise background of the disease intended to be diagnosed or treated, the history of Medicare coverage, a timeline of recent activities, FDA status of the medical product, general principles of Medicare's evidence review, the evidence base evaluated by CMS through both internal and external technology assessments, reports of MEDCAC meetings, and professional society position statements or guidelines that informed the final coverage decision.
In December 2016 and January 2017 we downloaded all NCD memoranda and external technology assessments referenced in the memoranda.
Data sources: FDA approval documents
For moderate-risk devices, 510(k) summaries were downloaded from the FDA website. In brief, 510(k) summaries provide evidence of substantial equivalence to another legally US marketed device. [2] Links to FDA Summaries of Safety and Effectiveness Data (SSEDs) for all high-risk medical devices were included in the corresponding Medicare determination memoranda. The SSED is a document whose goal is to provide "a reasoned, objective, and balanced critique of the scientific evidence which served as the basis of the decision to approve or deny the premarket approval (PMA) [application] .'" [12] Approval of a PMA application is "based on a determination by FDA that the PMA contains sufficient valid scientific evidence to assure that [a high-risk device] is safe and effective for its intended use(s)." [12] Approval documents for pharmaceuticals and biologics were obtained through the Drugs@FDA on-line database and the FDA site for approved products under Vaccines, Blood, and Biologics, respectively, in December 2016 and January 2017.
Study sample
We included all NCD memoranda published from January 1, 2005, through December 31, 2016, that pertained to high-risk medical devices, moderate-risk medical devices, pharmaceuticals, or biologics, including both NCDs that resulted in coverage and those that did not. We excluded NCDs for diagnostic technologies, non-medical services, or surgical procedures that did not include discussion of a specific therapeutic product (Fig. 1). 
Identification of original clinical trials reviewed by CMS
Each NCD was reviewed by 1 investigator (ACR) who identified original clinical trials used by CMS to support its NCD. Included trial evidence was summarized within the memoranda under the 'Internal Technology Assessment' section, which summarizes CMS' evidence assessment. Original trials (e.g., excluding followup studies, interim-analyses, and pooled studies) reviewed by CMS were compared with pivotal trials used to support FDA approval. Uncertainty about trial inclusion was resolved by consensus between 2 investigators (ACR and JSR). We also recorded those additional studies that were based either on the original clinical trials reviewed by CMS or on FDA pivotal trials. These studies were not included in the sample of original clinical trials and included follow-up studies, pooled analyses, or interim analyses.
Identification of FDA pivotal efficacy trials
One investigator (ACR) identified trials labeled "pivotal" or "primary efficacy and safety" in FDA Medical Reviews for each included pharmaceutical or biologic and in SSEDs for high-risk We collected the following data to characterize all original trials evaluated by CMS and FDA: study size, use of randomization, use of double-blinding, inclusion of a control arm (placebo or active control), age of trial participants, proportion of female trial participants, proportion of trials incorporating clinical outcome(s) as a primary efficacy measure, proportion of trials including a US study location, and proportion of trials with multiple enrollment sites. Four of these variables (study size, use of randomization, double-blinding, and inclusion of a control arm) were considered primary trial characteristics based on the Cochrane Study Quality Guide and prior studies examining quality of evidence reviewed in CMS NCDs. [13] [14] [15] 
Results
Characteristics of NCDs
From 2005 through 2016, 11 CMS NCDs covering 12 products (1 NCD included coverage for 2 FDA approved products) met our inclusion criteria. These included 3 pharmaceuticals, 1 biologic, 6 high-risk medical devices, and 2 moderate-risk devices. CMS initiated 4 NCD requests, 3 were requested by product manufacturers, 2 by medical societies, 1 by a Medicare beneficiary, and 1 by a physician.
Median CMS review time was 263 (IQR, 248-272) days. Only 1 (9.1%) NCD included MEDCAC review. Five (45%) NCDs reviewed an external technology assessment, 2 of which included information on cost-effectiveness (Table 1) . Eight (73%) NCDs considered professional society statements, and 7 (64%) referenced clinical practice guidelines. Nine (82%) NCDs specifically stated that FDA approval documents were taken into consideration during the coverage determination process. Six NCDs (54%) referenced expert opinion.
The median number of public comments during the first period for all NCDs was 43 (IQR 19-139), and for the second comment period was 76 (IQR 38-164).
A total of 8 (73%) NCDs were positive coverage determinations, with 3 (38%) of those requiring coverage with evidence development. The remaining 3 NCDs were determinations by CMS to not provide coverage. For more detailed information on each NCD, please see Appendix A.
Number of trials evaluated by the FDA and CMS
CMS NCDs for the 12 medical products were based on 27 original clinical trials, and 11 secondary analyses of the original clinical trials. FDA approval of these same 12 products was based on review of 22 pivotal trials. Fourteen (52%) of the 27 original clinical trials evaluated by CMS were the same pivotal trials examined by the FDA (Table 1) . Eight (4%) of the pivotal trials evaluated by FDA were not included in CMS NCDs. Of these 8 trials, 4 were for a pharmaceutical (Natrecor), 3 for 1 high-risk medical device (SCULPTRA), and 1 for a different high-risk medical device (MitraClip). The NCD for Natrecor did include a brief result summary from the FDA pivotal trials, along with reference to a meta-analysis that included data from clinical trials used to support FDA approval. The NCD for dermal injections of facial lipodystrophy syndrome, which included SCULPTRA, included results from a 24-month extension of 1 of the original FDA pivotal trials. Of the remaining 2 trials supporting SCULPTRA's FDA approval, 1 was a randomized, controlled trial conducted in the US and the other was a single-arm trial conducted in the UK. Neither was specifically mentioned in the CMS NCD. The NCD for transcatheter mitral valve repair (MitraClip) includes a discussion of the FDA pivotal trial in CMS' internal technology assessment.
There was no significant difference in the median number of clinical trials evaluated by the FDA and CMS for all products (FDA 1 [IQR, 1-2] versus CMS 2 [IQR, 1-2]; P = .59).
Characteristics of trials evaluated by the FDA and CMS
There were no significant differences in the characteristics of trials used to support FDA approval and CMS NCDs. Specifically, the following characteristics in original and pivotal clinical trials were similar in both groups: randomization (FDA: 15 
Time from FDA approval to initiation and publication of a CMS NCD
The median time from FDA approval to initiation of an NCD was 9 (IQR, 4-29) months. The median time from FDA approval to publication of a CMS NCD memorandum was 17 (IQR, 13-36) months.
Discussion
We characterized clinical trials used to support FDA approval and CMS NCDs for novel medical products (pharmaceuticals, biologics, moderate and high-risk medical devices) that were issued NCDs from 2005 through 2016, focusing on characteristics reflective of high-quality evidence. [15] There were no significant differences in use of randomization, double-blinding, control arm, or study size between original clinical trials evaluated by CMS and pivotal trials reviewed by FDA. Over half of original clinical trials reviewed by CMS were the same pivotal trials evaluated by FDA. This finding is of particular interest given differences in mandates for FDA approval and CMS coverage.
FDA's goal is to ensure that pivotal trials demonstrate safety and efficacy of the medical product, whereas CMS must ensure that trials show that a product is reasonable and necessary for diagnosis or treatment of an illness or injury in the Medicare population. [16] It is, therefore, reasonable to expect differences in trial characteristics. For example, FDA might be more likely to rely on a greater proportion of randomized, double-blind, placebo-controlled trials. CMS would be expected to prioritize trials that generalize to Medicare beneficiaries, including larger proportions of female participants over 65 years of age and that utilize active controls to determine if there is a benefit to covering the newer therapeutic over available alternatives. However, our results show that FDA and CMS not only rely on many of the same trials but even when other clinical trials are considered in Medicare's review, there is no overall difference in the quality of trials evaluated by each agency. Variation in the objectives of evidence review by FDA and CMS does not reflect variation in the trials-and their characteristics-evaluated of product approval/ coverage.
Participant demographics in trials reviewed by FDA and CMS were also similar. Females constituted fewer than 50% of CMS trial participants, which is not significantly different from the median percent of female participants in FDA pivotal trials. This is important because more than half (54%) of Medicare beneficiaries are women. [17] In addition, neither CMS nor FDA trials had a median participant age above 65 years. However, CMS did include additional studies in its evaluation that frequently incorporated sub-group analyses of the original clinical trials for patients older than 65 years. CMS may use the time from initiation to publication of an NCD to acquire these additional data. This is unlikely to affect the time gap from FDA approval to CMS NCD because the CMS has a standard time period allotted for review of NCDs. However, knowing the data specifications requested by CMS in advance might potentially help reduce the time lag from FDA approval to NCD initiation. While the data from our study does not provide enough power to conduct such analyses, this may be a potential point of consideration for regulators and manufacturers. This is the goal of the Parallel Review program that was piloted starting in 2011 and officially established in 2016 for medical devices. [18] Parallel review is an FDA-CMS collaboration designed to reduce the time between FDA review and CMS evaluation and to help manufacturers understand and address the data require- 
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Medicine ments of both agencies. [16] Through the program, manufacturers can request initiation of a CMS NCD while the product is still under FDA review. [16] For example, CMS initiated their coverage review for the Edwards SAPIEN transcatheter heart valve more than 1 month (9/28/11) before FDA approved the device (11/02/ 11). Whereas the SAPIEN transcatheter heart valve was not officially part of the parallel review program, this was 1 instance in which the manufacturer engaged both FDA and CMS before starting its pivotal clinical trial. [19] Early review obviated the median 9-month delay from FDA approval to initiation of a CMS NCD that we found. Therefore, parallel review may substantially decrease the delay in FDA approval to CMS coverage for medical devices.
Though parallel review could eliminate the need for CMS to acquire additional trial data in the Medicare population after FDA approval, other factors must be considered when merging FDA and CMS review processes. CMS, unlike FDA, holds 2 30-day public comment periods for each NCD and its decision memorandum includes a summary of, and response to, comments received. Public comments are designed to enhance the "quality of agency decision making" and can encompass contributions ranging from medical society recommendations to patient narratives. [20] Furthermore, CMS considers evidence-based guidelines and the opinions of members of the medical or scientific community (labeled "expert opinion" in NCD memoranda) and may consider MEDCAC reports. Since many of these additional reports and guidelines reflect direct patient and physician experiences with the medical product once it is on the market, it will be difficult to merge these processes through parallel review. An additional barrier to the parallel review program may involve the relationship between manufacturers and the national CMS agency. Because of specific requirements for CPT coding, manufacturers may receive lower reimbursement rates from CMS once an NCD is issued. In addition, anecdotally, it has been suggested that manufacturers may have the potential to exert more influence in the local coverage determination (LCD) process, although this has not been systematically studied.
Limitations of our study include a small number of total reviewed NCDs; only 10 to 15 are issued annually by CMS, [13] whereas the majority of coverage decisions are made by regional contractors, whose determinations are not made publicly available. The recently enacted 21 st Century Cures Act institutes new requirements mandating greater transparency of these regional coverage decisions, including public availability of documents summarizing evidence that supported development of a local coverage determination. [21] However, since NCDs are for the most controversial technologies likely to have a significant impact on the Medicare population and apply to all contractors, they are among the most important to study. In the future, it would be interesting to gather information from additional NCDs as they accrue over the years and conduct additional subgroup analyses on trial characteristics, such as time of follow-up and use of an active or placebo comparison group. In addition, CMS and FDA documents occasionally had missing data. For example, information on study site was unavailable for 3 FDA pivotal trials.
In conclusion, FDA approval and CMS NCDs of novel therapeutics often rely on the same clinical trial evidence and on trials of similar quality. However, the process of finalizing coverage determination requires an additional 17 months. FDA and CMS should continue to work together to ensure timely coverage decisions after FDA approval, perhaps by encouraging manufacturers to include larger proportions of older and female participants in their trials supporting FDA approval.
